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(,',267&'0&'*0:=3#'[I'4#H36"6&%"06&'6$'"2#'%1"0J#',0"#'0,'6C,#3J#4'0&'%55',B,"#@,'%$"#3'
:#6@#"3B'6H"0@0,%"06&-'0&'"2#'1%,#'6$'"2#'?Y['`X[b'@64#5I'72012'2%,'"2#',"36&:#,"'%4,63H"06&'
#&#3:BI'"2#'H36"6&'0,'16@H5#"#5B'"3%&,$#33#4'6&'"6'"2#'KEL)'Z3#J06=,'"2#63#"01%5',0@=5%"06&,'
6$'KEL'%4,63H"06&'2%J#'H3#401"#4'"2#'H36"6&'3#@%0&0&:'6&'"2#'M#650"#g',@%55'15=,"#3,'@64#5,'
6$' "2#' %1"0J#' ,0"#' Dc?A,0"#,' 0&' 15=,"#3I' ,0@=5%"#4' 70"2' Z\L#!-' O?A,0"#,S' \j9PZ',GI' ' %&4'
,0@=5%"06&,'"2%"'=,#4'H#306401'3#H3#,#&"%"06&,'6$'FAN!EA[['D,0@=5%"#4'70"2'3Z\LG!-'63',@%55'
=&0"'1#55' D.F(G'H#306401',B,"#@,' D,0@=5%"#4'70"2'ZQkYG(&'6C,#3J#' "2%"' "2#'H36"6&' 3#@%0&,'
C6&4#4'"6'"2#'%1"0J#',0"#)'^=3'3#,=5",',2670&:'"2#'M#650"#AP'H36"6&%"#4I'72#3#%,'FAN!EAO'0,'
4#H36"6&%"#4I'0&401%"#'&6"'6&5B'"2%"'"2#'H3#,#&1#'6$'"2#'M#650"#'5%""01#'%36=&4'"2#'%1"0J#',0"#'0,'
0@H63"%&"'"6'"2#',0@=5%"06&'6$'12%3:#'40,"30C="06&'C="'%5,6'"2#'"BH#'6$'5%""01#'1%&'0&$5=#&1#'"2#'
H36"6&%"#4',"%"#'6$'"2#'%1"0J#',0"#)'LWH#30@#&"%5'763>'=,0&:'X/!)"!+'%&4'+E/!,',H#1"36,16HB'
3#H63"'"2%"'"2#3#'0,'%'@0W"=3#'6$'H2B,0,63C#4'%&4'12#@0,63C#4',"%"#'KEL'0&'"2#'M#650"#'H63#,'
#J#&'%"'567'56%40&:,'D#V=0J%5#&"'"6'6&#'%4,63C%"#'H#3'%104',0"#G'%&4'567'"#@H#3%"=3#,'Djaj'nG)'
F67#J#3I'"2#'%HH36W0@%"#5B'#V=040,"%&"'H6,0"06&0&:'6$'"2#'\3]&,"#4'H36"6&'C#"7##&'"2#'M#650"#'
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!#"
"
H36"6&'4=30&:'#WH#30@#&"%5',H#1"36,16H01'763>)'X"'0,'&6"#4'"2%"'"2#'KEL'@#"2B5':36=H,'%3#'
,0:&0$01%&"5B'156,#3'"6'"2#'%1"0J#',0"#'$63'"2#'FAN!EAO'D?Y['`X[bGI'72#3#'"2#'40,"%&1#'0,'[)[a'iI'
72012'@%B'0&401%"#'"2%"'"2#3#'0,'%',"36&:#3'#5#1"36&'0&4=1#4'#$$#1"'6&'^567'72#&'"2#'KEL'
@#"2B5' :36=H,' %3#' 156,#3' "6' "2#' $3%@#763>' 6WB:#&)' .6@H%30,6&' 70"2' ,04#' 6&' %4,63C#4'
@#"2%&65'6&'"2#',%@#',0"#,',267,'&6',0@05%3'16&&#1"06&'C#"7##&'@#"2B5'0&"#3%1"06&'70"2'"2#'
M#650"#' %&4' 4#H36"6&%"06&' 63' %4,63H"06&' #&#3:B)$-' *=3"2#3' %&%5B,0,' 6$' "2#' %"6@01' 12%3:#,I'
H36J04#4'0&'?%C5#'!Y'6$'"2#'!XI',267,'&6"'6&5B'"2%"'"2#'3#5%"0J#'12%3:#'6&'"2#'\3]&,"#4'H36"6&'
0,',50:2"5B'5%3:#3'"2#'156,#3'"6'"2#'KEL'%4,63C%"#I'C="'%5,6'"2#'5%3:#,"'12%3:#'40$$#3#&1#'C#"7##&'
"2#'"76'@%0&'3#%1"06&'H60&",'6&'KELI'"2#'6WB:#&'%&4'1%3C6&'%"6@,I'0,'#&16=&"#3#4'72#&'"2#'
\3]&,"#4'H36"6&'0,'156,#,"'"6'KEL)'?2#,#'6C,#3J%"06&,'0@H5B'%'@63#'%1"0J%"#4'63'156,#3'"6'"2#'
%1"0J%"#4',"%"#'6$'KELI',H#10$01%55B'72#&'%4,63C#4'6&'FAN!EAO'0&,"#%4'6$'M#650"#'FAP)!
?#D)/!\A!N/45/($&2!4D+/$7#D)/+!'$45!JPT!#%+4$D/%!4-!(4!(3/!b/4)&(/!#2(&7/!+&(/+A!1F/2&'&2#))*0!
(3/!%&+(#-2/!&+!$/F4$(/%!D/(H//-!(3/!W$c-+(/%!F$4(4-!#-%!(3/!b/4)&(/!#2(&7/!+&(/!%QK+,"ZC-R0!(3/!
W$c-+(/%!F$4(4-!#-%!(3/!4G*M/-!4'!JPT!%QC-ZK./0R0!D/(H//-!(3/!%/F$4(4-#(/%!4G*M/-!+&(/!
#-%!4G*M/-!4'!JPT!%QK+,"ZK./0R0!#-%!D/(H//-!(3/!2)4+/+(!3*%$4M/-!4'!(3/!JPT!5/(3*)!M$4.F!
(4!(3/!b/4)&(/!'$#5/H4$9!%QK+,"1$C234RA!>))!7#)./+!#$/!&-!a-M+($45+A!
' '4D^839AF:G' 4DF:A^567G' 4D^839A^567G' 4D^839%.F;<$G'
FAP' Y)[j' Y)Yf' [)cY' [)ka'
FAN!EAO'
D?Y['`X[bG'
Y)cf' Y)hd' [)Oc' [)[a'
FAN!EAO'
D?c'`NdbG'
Y)jh' Y)Yj' [)c[' [)fd'
FAN!EAO'
D?Y'`EabG'
Y)[c' Y)Ya' [)cY' [)fY'
'
'
(' 50&#%3' "3#&4' 0,' 6C,#3J#4' C#"7##&' "2#' 40,"%&1#,' 6$' "2#' H36"6&' "6'KEL' %&4' "6' "2#'
$3%@#763>' %1"0J#' ,0"#' D*0:=3#' ![' 6$' !XG)' ^&#' 1%&' 16&,04#3' "20,' 0&401%"0J#' 6$' %' 1633#5%"06&'
C#"7##&'"2#'0&"#3%1"06&,'611=330&:'%36=&4'"2#'\3]&,"#4'H36"6&-'7#'@0:2"'#WH#1"'$36@'"20,'"3#&4'
"2%"'"2#'40,"%&1#'C#"7##&'KEL'%&4'"2#'$3%@#763>'6WB:#&',0"#'0,'3#5%"0J#5B'16&,"%&"I'%&4'0&'
:#&#3%5'"20,'0,'"2#'1%,#I'C="'%&'#W1#H"06&'611=3,'$63'"2#'FAN!EAO'D?Y['`X[bG',B,"#@'72#3#'"2#'
H36"6&'2%,'$=55B'"3%&,$#33#4'"6'"2#'KEL)'?2#'40,"%&1#'C#"7##&'"2#'\3]&,"#4'H36"6&'%&4'"2#'
M#650"#'6WB:#&'%5,6'1633#5%"#,',6@#72%"'70"2'"2#'%4,63H"06&'#&#3:B'6$'KEL'D*0:=3#'!j'6$'!XGI'
"26=:2'"2#'V=%50"B'6$'"2#'$0"'0,'567#3'"2%&'"2%"'$63'"2#':#6@#"301'6C,#3J%C5#,'0&'*0:=3#'![I'%,'
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!$"
"
4#@6&,"3%"#4'CB'"2#'567#3'/#'Dh)OYG)'?3#&4,'1%&'%5,6'C#'#W"3%1"#4'$63'"2#'40,"%&1#'C#"7##&'"2#'
M#650"#'%&4'KEL'6WB:#&'%"6@,I'%D^839A^567GI'%&4'H6"#&"0%55B'"2#'40,"%&1#'1%&'C#'=,#4'%,'%'
4#,130H"63' $63' "2#' ,"3#&:"2' 6$'KEL' %4,63H"06&I'72012'7#' 16&,04#3' 1%&' C#' 12%3%1"#30,#4' %,'
,"36&:'63'7#%>'2B436:#&'C6&4,'$63@#4'C#"7##&'KEL'%&4'"2#'%1"0J#',0"#)''
.633#5%"06&' C#"7##&' "2#' %4,63H"06&' #&#3:B' 6$' KEL' %&4' "2#' :#6@#"301' 6C,#3J%C5#,'
%,,610%"#4'70"2' "2#'\3]&,"#4'H36"6&' 0&401%"#,' "2%"' "2#'C6&40&:'6$' "2#'6WB:#&'DKELG'"6' "2#'
%1"0J#',0"#'46@0&%"#,'"2#'6J#3%55'%4,63H"06&'H361#,,I'70"2'"2#'0&"#3%1"06&'C#"7##&'"2#'@#"2B5'
:36=H,'6$'KEL'%&4'"2#'M#650"#'7%55,'2%J0&:'50@0"#4'#$$#1")'?2#3#$63#I'0&'634#3'"6'=&4#3,"%&4'
$=3"2#3'"2#'&%"=3#'6$'"2#'H36"6&'"3%&,$#3'"6'KELI'"2#'$3%@#763>'4#H36"6&%"06&'#&#3:B'DT034G'
7%,'1%51=5%"#4'$63'"2#'0&0"0%5'M#650"#'@64#5,'0&'"2#'%C,#&1#'6$'KELI'%&4'"2#'H36"6&'%$$0&0"B'
DT=>G'7%,'1%51=5%"#4'$63'KEL'0&':%,AH2%,#'D?%C5#'jG)'!
?#D)/!=A!J/F$4(4-#(&4-!/-/$M*!QT(,%R!4'!(3/!b/4)&(/!2).+(/$+0!#-%!(3/!F$4(4-!#''&-&(*!QT56R!4'!
JPTA!>)+4!F$/+/-(/%!&+!(3/!&4-ZF#&$!&-(/$#2(&4-!D/(H//-!F$4(4-#(/%!JPT!#-%!b/4)&(/!+&(/!QT!"#$
%&!'R0!2#)2.)#(/%!#+!5/-(&4-/%!&-!1/2(&4-!\A\A!>))!7#)./+!#$/!F$/+/-(/%!&-!9O[54)A!
' T034' T?9@.4/?A'
' ' Z3#J06=,'763>'
D"2#63#"01%5G#+''
'
FAP' YYcc' YhfY-'YYdd' AcjY'
FAN!EAO'
D?Y['`X[bG'
YYjY' '
Ac[a'
FAN!EAO'
D?c'`NdbG'
YYfd' '
AcOa'
FAN!EAO'
D?Y'`EabG'
YYcO' '
Acjh'
' T=>' '
' '
Z3#J06=,'763>'
D#WH#30@#&"%5G(''
'
KEL' fca' fh[' '
'''
T034*0,'1%51=5%"#4'%,'C#0&:'0&'"2#'3%&:#'6$'YYccAYYfd'>8S@65'72#&'=,0&:'"2#'\kaAK'l.'
$=&1"06&%5I'72012'0,'0&'%:3##@#&"'70"2'H3#J06=,'RESEE'763>'=,0&:'"2#',0@05%3'\kaA['l.'
$=&1"06&%5'$63',0@=5%"06&,'6$'FAP'%&4'FAN!EAO'DT034*s'YhfYAYYdd'>8S@65G)#+'?2#'T=>'6$'KEL'
0,'fca'>8S@65I'72012'0,'%5,6'0&':664'1633#,H6&4#&1#'70"2'"2#'#WH#30@#&"%5'H36"6&'%$$0&0"B'6$'
fh['>8S@65'D4#"#3@0&#4'%"'jhh'nG)(''E6,"'0@H63"%&"5BI'"2#'T=>'0,'vjhh'>8S@65'5#,,'"2%&'"2#'
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!%"
"
T034I*,6'16@H5#"#'H36"6&' "3%&,$#3'%&4'4#,63H"06&'6$'H36"6&%"#4'KEL'76=54'C#',0:&0$01%&"5B'
#&46"2#3@01)' ?20,' 6C,#3J%"06&' 0&401%"#,' 72B' "2#' KEL' H36"6&' 0,' H3#$#3#&"0%55B' ,"%C050,#4'
C#"7##&'C6"2'"2#'M#650"#'%1"0J#',0"#'%&4'"2#'KEL'6WB:#&)''
?6'15%30$B'$=3"2#3'"2#',"%C050"B'6$'KEL'%"'"2#'M#650"#'%1"0J#',0"#I'%&%5B,0,'7%,'H#3$63@#4'
6&'"2#'C6&40&:'#&#3:B'C#"7##&'"2#'H36"6&%"#4'KEL'%&4'16&e=:%"#4'C%,#'%1"0J#',0"#'DT?9@.4/?AG)'
F#3#I' "2#'FAN!EAO' D?c' `NdbG'@64#5' 2%,' "2#' 20:2#,"' C6&40&:' ,"3#&:"2)' ?2#' 4#H36"6&%"06&'
#&#3:B'DT034G'1%&'C#'16&,04#3#4'%,'%'@#%,=3#'6$'C%,010"B'6$'"2#'16&e=:%"#4'C%,#'%1"0J#',0"#I'%&4'
70"2'"20,'H#3,H#1"0J#'%'403#1"'1633#5%"06&'0,'&6"#4'3#5%"0J#'"6'"2#'#&#3:B'6$'"2#'06&'H%03I'T?9@.4/?A'
%,',267&'0&'*0:=3#'jI'72012'1%&'C#'=,#4'"6'4#"#3@0&#'"2#'12%3%1"#30,"01,'6$'"2#'%1"0J#',0"#'@6,"'
50>#5B'"6'5#%4'"6',"36&:5B'C6&4#4'KEL)'''
'
:&M.$/!=A!8)4(!4'!%/F$4(4-#(&4-!/-/$M*!QT(,%R!#M#&-+(!D4-%&-M!+($/-M(3!4'!F$4(4-#(/%!JPT!(4!
(3/!b/4)&(/!24-d.M#(/!D#+/!QT!"#$%&!'R0!F$/+/-(/%!&-!9O[54)A!?3/!)&-/!4'!D/+(!'&(!&+!M&7/-!H&(3!#-!E7!
4'!<AXY^;!(4!e.#-(&'*!(3/!/$$4$!&-!(3/!'&(A!
'
!
!
!
!
!
' #
/w's'h)kaOY
Acdh
AcOO
AcOh
AccO
Acch
AcjO
Acjh
Ac[O
Ac[h
YY[h YYjh YYch YYOh YYdh YYah YYfh YYkh
L?9@.4/?A*D>8S@65G
L034*D>8S@65G
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!&"
"
."!"#8-9'*4-2%*+#5'&:;&%<)#*%*+),-,#
o0C3%"06&%5'$3#V=#&10#,'7#3#'1%51=5%"#4'$63'"2#'%4,63C#4'KEL'@65#1=5#'0&'634#3'"6'1633#5%"#'
3#,=5",'70"2'X/'#WH#30@#&"%5'4%"%)'?2#'J0C3%"06&%5'$3#V=#&10#,'$63'"2#'^567AF:',"3#"12'7#3#'
1%51=5%"#4'0&'"2#'0&"#3J%5'C#"7##&'YOhhAYdhh'1@.!'D?%C5#'cGI'70"2'"2#'#W1#H"06&'6$'"2#'FAN!EA
O'D?Y['`X[bG'@64#5'72#3#'"2#',"3#"12'0,'6C,#3J#4'%"'%'@=12'20:2#3'$3#V=#&1B'6$'[Yac'1@.!)'?2#'
40$$#3#&1#'6C,#3J#4'$63'FAN!EAO'D?Y['`X[bG'0,'%'16&,#V=#&1#'6$'"2#',263"#3'^567AF:'C6&4)'
?2#' 1%51=5%"#4' ^567AF:' J0C3%"06&%5' $3#V=#&10#,' %3#' 70"20&' "2#' 3%&:#' 3#H63"#4' $63' "2#'
#WH#30@#&"%5' (\.' "30H5#"' J0C3%"06&%5' ,0:&%"=3#' 1633#,H6&40&:' "6' "2#' ^AFx^' 0&"#3%1"06&,I'
72012' %3#' 0&' "2#' 3#:06&,' 6$' YOhhAYahh' 1@.!I' [YhhA[Ohh' 1@.!' %&4' [fhhAjhhh' 1@.!' 72#&'
0&,#3"0&:'KEL'0&'FAN!EAO'%&4'FAP)(('
?#D)/!fA!"#)2.)#(/%!,E!7&D$#(&4-#)!'$/e./-2&/+!'4$!JPT!#%+4$D/%!&-!b/4)&(/+!CZ_!#-%!CZ]1PZ
^A!1F/2&'&2#))*!M&7/-!#$/!(3/!+($/(23!'$/e./-2&/+!$/)#(&-M!(4!(3/!3*%$4M/-!D4-%+!4'!(3/!W$c-+(/%!
F$4(4-!(4!(3/!b/4)&(/!#2(&7/!+&(/0!yQK+,"ZC-R0!#-%!'$45!(3/!F$4(4-!(4!(3/!JPT!4G*M/-0!yQC-Z
K./08R0!#)4-M+&%/!+*55/($&20!5&G/%!#-%!#+*55/($&2!54(&4-!4'!D4(3!"C4!M$4.F+!4'!(3/!JPT!
54)/2.)/0!H&(3!P78$/F$/+/-(&-M!(3/!5/(3*)!M$4.F!2)4+/+(!(4!(3/!b/4)&(/!'$#5/H4$9A!>))!7#)./+!
#$/!M&7/-!&-!25$9A!
' yD^839AF:G' yDF:A^567G' ' ' ' '
FAP' YOYY' YOah' ' ' ' '
FAN!EAO'D?Y['`X[bG' YOkj' [Yac' ' ' ' '
FAN!EAO'D?c'`NdbG' YOOa' YOk[' ' ' ' '
FAN!EAO'D?Y'`EabG' YOYj' YOak' ' ' ' '
' yD.F$G'
' ,B@@#"301' @0W#4' %,B@@#"301'
' E!' E#' E!' E#' E!' E#'
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Text to accompany the Table of Contents graphic:
Computational techniques are used to study the adsorption of dimethyl ether in zeolite 
frameworks. Binding strength is shown to increase for more open acid sites where proton 
transfer, from the framework to dimethyl ether, occurs more readily.
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